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DMEM Dulbecco’s Modified Eagle’s Medium 改良杜氏伊格尔培养基 
DMSO Dimethyl sulfoxide 二甲基亚砜 
1
H NMR Hydrogen Nuclear Magnetic Resonance 氢原子核磁共振 
LC-MS liquid chromatograph-mass spectrometer 液相色谱仪-质谱仪 
L-DOPA L-3,4-Dihydroxyphenylalanine 多巴 
L-Tyr L-tyrosine L-酪氨酸 
MTT Methyl Thiazolyleterazolium 噻唑蓝 
PBS Phosphate buffer 磷酸缓冲液 
PPO polyphenol oxidase 多酚氧化酶 
KI Inhibition constant 抑制常数 
Vc Vitamin C 维生素 C 
TRP-1 tyrosinase related protein 1 酪氨酸酶相关蛋白 1 















































































的 IC50分别为 12.0、7.0、1.5和 1.45 μmol/L。进一步探究抑制机理，发现这四个
化合物为可逆抑制剂，且其抑制动力学的双倒数直线相交于二象限或三象限的，
表明四个化合物为混合型竞争抑制剂，其 KI和 KIS值分别为 6.67 和 4 μmol/L，
7.94和 27.8 μmol/L，15.47 和 21.04 μmol/L，17.34 和 23.42 μmol/L。酶学实验结
果表明化合物具有很好的酪氨酸酶抑制效果，且其活性与分子结构有关，二酚酶















































Tyrosinase is the key enzyme for the synthesis of melanin and widely exists in 
various organisms, the dopaquinone, the product of enzyme, can aggregate melanin 
with amino acids or proteins. However, excess melanin could cause sedimentary 
pigment diseases such as, freckles, chloasma, age spots. Besides the tyrosinase is 
close relationship to parkinson's disease, insect molting and fruit browning. Therefore, 
the research of control of tyrosinase activity in agricultural, pharmaceutical and 
cosmetics industry has great development value.  
4-Amino-3-hydrazino-5-mercapto-1,2,4-triazole (AHMT), a electronic 
equivalent of amide linkage, is the nitrogenous heterocyclic and also the potential 
coordination bond compound. The benzaldehyde derivatives were the substrate 
analogues of tyrosinase, and it can be competitive inhibition enzyme activity. A series 
of  synthesis inhibitors were based on AHMT and benzaldehyde derivatives. The 
reaction in the ethanol solution reflowed and lasted three hours, then filter and 
recrystallize the solid powder. The experimental methods of infrared spectrum, 
LC-MS and 
1 
H NMR were used to identify its molecular structures. 
Mushroom tyrosinase as the model to screen the compounds, the results proved 
that the compound Y1, Y2, Y3 and Y4, synthesized by AHMT reacting with 3-fluoro 
benzaldehyde, 3-hydroxy benzaldehyde, 2-hydroxy benzaldehyde and 4-hydroxy 
benzaldehyde respectively, have strongly inhibitory effective on tyrosinase. The IC50 
of diphenolase of mushroom tyrosinase was 12.5, 7.0, 1.5 and 1.45 μmol/L, 
respectively. Further research on inhibitory mechanisms found that the compounds 
were all reversible inhibitors. In addition all the inhibitors were mixed competitive 
for their enzyme kinetics lines all passing through the second quadrant or third 
quadrant, and its KI and KIS values were 6.67 and 4 μmol/L, 7.94 and 27.8 μmol/L, 
15.47 and 21.04 μmol/L, 17.34 and 23.42 μmol/L. The enzymology experiments 
results showed that the compounds have good inhibitory effective on tyrosinase, and 
its activity were related to the molecular structures, hydroxyl groups on the benzene 
















that of 2-substituted and 3-substituted, and two benzene rings connecting to the 
triazole ring would produce larger steric hindrance, and affect the bonding between 
tyrosinase and inhibitors to decrease the inhibitory effects.  
Copper interacting, fluorescence quenching and molecular docking experiments 
were used to reveal the inhibitory mechanism of tyrosinase inhibitors.The 
experimental results showed that the compounds and enzyme may generated new 
compounds through hydrogen bonds between inhibitors and amino acid residues of 
the activie center of tyrosinase, and the interacting process may change the 
conformation of enzyme. Besides, compound Y3 can also inhibit the enzyme by 
chelating the copper ion in tyrosinase active center. 
Compound Y1, Y2, Y3 have no impact on the proliferation of melanoma cells of 
mice and normal liver cells of human to prove that the compounds have no 
cytotoxicity. What’s more. Compound Y3 could suppress the expression of tyrosinase 
in B16 cells. Because strong reductive groups on the compounds make it have 
strongly ability to eliminate free oxygen radicals, the compounds were potential 
antioxidant. In a word, the compounds are potential tyrosinase inhibitors, but further 
works such as security, stability should be researched. 
























巴进一步氧化成多巴醌，Wakamatsu，Kavanagh 等[3, 4, 5]表明多巴醌再经过一系
列的酶促和非酶促反应与氨基酸或者蛋白质聚合成黑色素分优黑素 









会照成色素沉积的困扰，其过程如图 1所示。Mapunya，Villareal 等[9, 10]报道，  
 
图 1.人体表黑色素产生图解 
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